The genetic diversity among 33 cluster bean genotypes was evaluated under rain fed conditions during kharif 2012. The genetic material exhibited wide range of genetic diversity for all the twelve characters investigated. All the genotypes were grouped into seven different clusters. Cluster I was the largest comprising 11 genotypes followed by cluster II consisting of 8 genotypes, cluster V (5), cluster VI (4), cluster IV (2), cluster VII (2), cluster III (1). The clustering pattern indicated that there was lot of diversity among the genotypes and there was no relationship between the genetic and geographical diversity of the genotypes, but the distribution of the genotypes was random and independent. The intra cluster distance was highest at cluster VI followed by cluster I and II over others. The higher magnitude of inter-cluster distance were observed between cluster IV and VI (7.644) followed by cluster IV and V (7.582); cluster II and IV (6.802); cluster IV and VII (6.682); cluster I and IV (6.569); cluster II and VII (6.052); cluster III and IV (5.861) and cluster II and V (5.834) indicating wider genetic diversity between the genotypes in these clusters. The uses of genotypes in hybridization from these clusters having most of the desirable characters are likely to produce more transgressive segregants. It is suggested that genotypes belonging to the clusters I, IV and VII having diversified growth habit may be crossed with genotypes belonging to cluster II as they may be expected to produce good segregants with high yield potential.
INTRODUCTION
Clusterbean [Cyamopsis tetragonoloba (L.) Taub.] popularly known as guar, is one of the most important kharif legumes and is well adapted to arid and semiarid regions of the world. The long deep taproot system enables the plant to grasp all the water in the soil making it an ultimate drought resistant crop. It is self-pollinated crop belongs to family Leguminosae and sub family paplionaceae having chromosome number 2n = 14. The seedpods grow in clusters giving guar the common name clusterbean. The origin of the crop has been suggested in India and Pakistan and tropical Africa (Vavilov, 1951) . In India, this crop is mainly grown in Rajasthan, Gujarat, Haryana, Punjab and some parts of Uttar Pradesh and Madhya Pradesh and is an important component of cropping system in these regions. It is an annual plant, is grown for seed, green fodder, vegetable and green manuring. The endosperm of guar seed contains an important hydrocolloid named galactomannan. The galactomannan due to its specific qualities as thicker, binder and stabilizer has diversified industrial applications viz. paper, food, cosmetics, explosives, mining, petroleum, pharmaceuticals and well drilling etc. Recent rise in demand of guar in international market as a gum is attributed to its use in , 2231-5209 (Online) All Rights Reserved © Applied and Natural Science Foundation www.jans.ansfoundation.org mining industry and petrochemical, where its use as viscous agent has been revolutionized the petrochemical industry and resulted in considerable increase in global natural gas production (Falasca et al., 2015) . Because of industrial value, guar seed has great demand from foreign countries like USA, Germany, Britain, Italy, France, UAE, China, Japan, South Africa, Hong Kong and Australia etc. In world, guar is grown mostly in tropical deserts of Indian sub-continent. India share 80% of world production and only 20% is produced by all other countries like Pakistan, USA, Australia, South Africa, Sudan and Argentina. Thus, the total area of cluster bean in India is 4.25 million hectare and production is 2.41 million tones with productivity of 5.70 q/ha. Rajasthan is one of the main producers of cluster bean contribute for 65 per cent of the total production of the India (Ministry of Agriculture Govt. of India, 2014). Average grain yield of clusterbean at national level is very low (5.70 q/ha). Therefore, development of new clusterbean varieties having high yield potential should be the main objective of the breeding program. Genetic divergence is also of utmost importance for identifying appropriate genotypes as parents with their long-term potentialities. Mahalanobis D 2 statistics is a powerful tool in quantifying the degree of divergence at the genotypic level with regard to characters that needed to be improved and provides to opportunity to identify putative parents for executing an effective breeding strategy. Until date, limited efforts have been made in characterizing clusterbean genotypes in India. Precise information about genetic divergence is critical for productive breeding programs, as genetically diverse parents are known to produce high heterotic effects consequently increasing yield in desirable segregants. D 2 statistics, it has now become possible to quantify the degree of genetic divergence among the clusterbean genotypes. Therefore, the present investigation was aimed at ascertaining the nature and magnitude of genetic diversity among available genotypes for seed yield, its attributing traits and gum content to identify suitable parents for hybridization program.
MATERIALS AND METHODS
The experimental material for the present investigation comprising thirty-three genotypes of clusterbean maintained by Forage Section, Department of Genetics & Plant Breeding, Chaudhary Charan Singh Haryana Agricultural University, Hisar. Total 33 cluster bean genotypes were collected from different major guar growing states for this study viz. Haryana, Rajasthan, Gujarat, Punjab and other north Indian states ( Table 1 ). The experimental material was grown in a Randomized Block Design (RBD) with three replications during kharif 2012. Each genotype was planted in two rows of 4 m length with row-to-row distance of 45 cm. The sowing was done with single row hand drill and after germination, plant to plant distance of 15 cm was maintained by manual thinning. All the recommended cultural practices were followed throughout the crop seasons to raise a good crop. Observations were recorded on five competitive plants excluding border plants in each genotype. Data on individual plants were recorded for days to 50% flowering, plant height (cm), branches per plant, number of clusters per plant, number of pods per cluster, number of pods per plant, number of seeds per pod, pod length (cm), days to maturity, 100-seed weight (g), seed yield per plant (g) and gum content (%). Gum content in the seed was estimated by the method of Das et al. (1977) and modified by Joshi (2004) . The analysis of variance for Randomized Block Design was carried out for individual characters to test the significance of difference among the genotypes following the method as suggested by Panse and Sukhatme (1967) . Mahalanobis D 2 statistic as suggested by (Rao, 1952) was used to measure genetic divergence. Group constellation was performed according to the method suggested by Tocher. Contribution of individual traits toward genetic divergence was quantified on the basis of coefficient of variation at both genotypic and inter-cluster level (Vavilov, 1951) .
RESULTS AND DISCUSSION
Genetic diversity is the basic requirement for successful breeding programme. Collection and evaluation of germplasm line and genotypes of any crop is a pre-requisite for any programme and provides a greater scope for exploiting genetic diversity. The multivariate analysis (D 2 ) is a powerful tool to measure the genetic divergence within a set of genotypes. Mean squares due to genotypes were highly significant for all the characters except for 100 seed weight and number of pods per cluster indicating existence of significant genetic variability among the genotypes used in the present study. The coefficient of variation was low for all the traits, which indicates that the local control of experiment was effectively done ( Table 2) . The estimates of D 2 values revealed wide range of diversity among the genotypes. This was further substantiated by the grouping pattern of the genotypes ( Table 3 ). The 33-germplasm lines under study were grouped into seven clusters with the cluster I having the maximum 11 genotypes followed by cluster II (8), cluster V (5), cluster VI (4), cluster IV (2) (2) and cluster III (1). This envisaged that the genotypes grouped within a particular cluster are more or less genetically similar to each other and apparent wide diversity is mainly due to the remaining genotypes distributed over rest of the other clusters. Grouping of genotypes by multivariate method in the present study is the practical value of the breeders. Representative genotypes may be chosen from particular cluster for genetic base enhancement. In this clustering pattern cluster IV has two genotypes viz., PNB and HVG 2-30, these genotypes mostly used as vegetative purpose. The cluster III has a single genotype viz., RGC 1066, this genotype have unique feature high yielding with non-branching habit on the hand mostly high yielding genotypes grouped in cluster II and high gum content genotypes grouped in cluster I. Clustering pattern of genotypes in this study revealed that genotypes from different geographic regions are grouped together in a cluster and vice-versa suggesting that the geographical diversity does not necessarily represent genetic diversity. Our results are in accordance with the findings of Singh et al., (2003) , Henry and Mathur (2007 ), Pathak et al., (2009 ), Girish et al., (2012 , Sultan et al., (2012) and Manivannan et al., (2015) who concluded that there is no or less correlation between geographic location and genetic diversity in clusterbean.
Average intra-and inter-cluster distances (D 2 values) among 7 clusters are given in Table 4 . The intra-cluster D 2 values varied from 0 to 3.253 within cluster and 3.233 to 7.644 between clusters. This indicated that cluster were homogenous within themselves and heterogeneous between themselves. The value of intra-cluster distance for cluster III was zero as it has only one genotype in the cluster. Cluster VII had lowest intra-cluster distance of 1.955 and cluster VI accounted for highest intra-cluster distance of 3.253. Maximum inter cluster distance was observed between cluster IV and VI (7.644) followed by cluster IV and V (7.582); cluster II and IV (6.802); cluster IV and VII (6.682); cluster I and IV (6.569); cluster II and VII (6.052) and cluster III and IV (5.861) indicating wider genetic diversity between the genotypes in these clusters. Selection of diverse parent having most of the desirable characters from such clusters in breeding programs is likely to produce more transgressive segregants and heterotic F 1 's when crossed. The cluster means reflected appreciable variation for almost all the characters among different clusters. Similar results were obtained by Manivannan et al., (2013) and Kumar et al., (2014) . Study of Manivannan et al. (2013) found wide range of genetic diversity for twelve characters investigated and grouped into 15 different clusters. The maximum intra cluster distance was observed in cluster XIV indicated that genotypes are having diverse genetic architecture and maximum inter-cluster distance recorded between cluster VI and cluster XV, indicating the presence of wide range of variability among the genotypes of the cluster. One another study conducted by Kumar et al.
(2014) exhibited wide ranges of genetic diversity for all the characters. Based on D 2 values, 30 genotypes were Table 5 ). The lowest contribution (less than 4) in genetic diversity was observed from various traits as gum content (2.56) followed by 100 seed weight (3.27 ) and number of seeds per pod (3.84) . The cluster mean estimated over the genotypes included in a cluster revealed considerable variation among the groups for 12 characters are presented vide Rai et al. (2013) and Manivannan et al. (2015) . The results of these studies revealed that the selection of genotypes for hybridization program based on their inter-culture distance and highest mean value. In present investigation, the selection of parents for hybridization program is based on the same principle such as inter-cluster distance and highest mean value of yield, gum and its contributing characters.
Conclusion
Based on the results of present investigation, an extensive range of genetic diversity has been explored in clusterbean genotypes. 
Table
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Cluster mean values for 12 biometrical characters in clusterbean part of India. Hybridization between these genotypes will be generate more variability which can facilitate selection of elite plants for seed yield and gum content in segregating generations (Table 7) . Such a proposition would enable plant breeders to accelerate the pace of progress in varietal development in clusterbean for a competitive world market.
